Culture fluids from mouse peritoneal exudate cells inhibited [3Hlthymidine incorporation by,
The mononuclear phagocyte system comprises circulating and tissue-fixed cells, monocytes and macrophages, respectively, originating from bone marrow precursors. They are endowed with the property of phagocytosis and degradation of extraneous materials (1) . A wide variety of functions has been ascribed to the mononuclear phagocyte-phagocytosis and elimination of microorganisms, indeed an essential element in the host defense against infection, killing of tumor cells, interaction with immunocompetent lymphocytes, elimination of detritus and dead materials in inflammation, etc. Phagocytes may accomplish these diverse functions by two possible pathways, not mutually exclusive: by direct contact with the target object (as it necessarily happens in phagocytosis of bacteria) and by the release of pharmacologically active materials. That mononuclear phagocytes can release biologically important materials seems unquestionable at present, although in most cases the chemistry of the putative substances, their function, and the mechanisms of synthesis and release have not been explored. There are reports of activities in macrophage cultures that promote lvmphocyte functions (2) (3) (4) , stimulate growth and differentiation of stem cells (5) , stop cell multiplication (6), or kill cells or bacteria (7, 8) . The secretion process in macrophages has now been well characterized in the studies of Unkeless et al. (9) , and Gordon et al. (10) .
We call attention in this report to an activity in cultures of macrophages that stops the growth of various cells without actually killing them. This inhibitory activity is absorbed by the target cell, thus removing it from solution, and it is associated with a dialyzable low molecular weight substance. The effect on cells is readily reversible upon removal of the inhibitor.
MATERIALS AND METHODS
Culture of Peritoneal Exudate Cells (PEC). Cells were obtained aseptically from the peritoneal cavity of normal mice, of mice injected three days before with 1.5 ml of 10% proteosepeptone (Difco Laboratories, Detroit, Mich.) intraperitoneally (i.p.), or of mice injected with Listeria monocytogenes organisms i.p. [2 X 103 organisms 7 days before; the 50% lethal (lose (LD50) was 6 X 10w]. In the latter two instance, the macrophages were presumed to be "activated" on the basis of their cytological characteristics. The mice were of the inbred C57B1/6J strain (Jackson Laboratories, Bar Harbor, Me.), males, 10-15 weeks old. 107 freshly harvested PEC in 1.0 ml of culture medium were planted in 35 X 10-mm plastic dishes (Falcon Plastics, catalogue no. 3001) and incubated at 370 in 5% CO2 in air incubator. The medium was RPMI-1640 (Associated Biomedics, Inc.) supplemented with 5% fetal calf serum, 2 mM glutamine, 50 units and 50 ,g of penicillin and streptomycin, respectively, and 1% v/v of sodium bicarbonate solution (7.5% w/v, Microbiological Associates, catalogue no. 17-613). After 20 hr of incubation the cell monolayers were washed three times with medium, and, in most experiments, reincubated in 1 ml of culture medium for 48 more hours. More than 90% of the cells attached to the dishes were well-spread macrophages forming an interrupted monolayer. Fluids were obtained at various times after initiation of cultures, centrifuged at 500 X g for 10 3T3 fibroblasts and polyoma virus-transformed fibroblasts were obtained from Dr. Thomas Benjamin of our department.
Reagents 
RESULTS
Inhibition of Cell Grawth. The PEC culture fluid consistently inhibited the proliferation and growth of the various cells. A great many of the experiments were done with EL-4 leukemic cells, in which the inhibition of proliferation was striking. In the experiment shown in Fig. 1 A further extension of this kind of experiment is shown in Fig. 5 , which compares the inhibitory activity on EL-4 cells of culture fluids of PEC to those of spleen cells that adhere to dishes, of normal spleen cells, and of spleen cells deprived of macrophages, on growth of EL-4 cells. (All fluids came from 24-hr cultures of cells. Spleen cells were cultured, in suspension, on dishes at a density of 107 per ml. After culture, the suspension was centrifuged, and the fluids were obtained and tested. Nonadherent spleen cells were obtained after 1 hr of culture of 107 spleen cells in a 35 X 10-mm dish. This procedure was repeated three times in order to obtain a confluent monolayer of cells to be used as adherent cells.) The PEC cultures were strongly inhibitory, followed by the spleen adherent cells and normal spleen cells. The amounts of culture supernatants that produced 50% inhibition were 8%, 28%, 62%, and 72% for PEC, spleen adherent cells, normal spleen, and spleen cells depleted of adherent cells, respectively. We interpret this to indicate that the inhibitory activity is a property of cells adhering to dishes but more actively pension. Since macrophages in the peritoneal cavity tend to be more mature and differentiated than those found in spleen, we have ascribed the inhibitory activity to mature macrophages. Supernatant fluids from PEC of normal, peptone-injected, or Listeria-infected mice inhibited [3H]thymidine incorporation into EL4 cells to the same extent, indicating that the state of "activation" of macrophages did not influence the phenomenon being described. The production of inhibitory activity from PEC of normal or peptone-injected mice was highest during the first 24 hr of culture, decaying slightly during 4 days of culture. Attempts to Establish the Nature of the Inhibitory Activity. The inhibitory activity of PEC fluids on EL4 cells was lost by dialysis, suggesting that it was caused by a low-molecularweight chemical. If the PEC fluid was dialyzed against an equal volume of medium, the inhibitory activity was distributed equally on both sides of the membrane. (The dialysand inhibited the incorporation of [5H]thymidine by 78% and the dialysate inhibited 69.5%.) After extensive filtration on Amicon PM-10 and UM-2 filters, the inhibitory activity was found in the filtered fraction, indicating a material of less than 1400 daltons.
The inhibitory activity was resistant to tryptic digestion (100 ,ug/ml of trypsin for 1 hr) and was stable to freezing and thawing (five times); we have routinely maintained the culture fluids at -20°without loss of activity. The possibility that the inhibitory activity was cyclic AMP secreted by the cells was considered. The PEC culture fluids, treated with 3': 5'-phosphodiesterase (100 /Ag/ml with 0.014 M MgSO4, 30 min) were as inhibitory as normal fluids.
Absorption of Inhibitory Activity to Tumor Cells. Can the inhibitory activity of PEC fluids be absorbed by the tumor cells? One milliliter aliquots of PEC fluids were incubated with 108 EL-4 cells for 1 hr at 40, the cells were removed by centrifugation, and the fluid was diluted and tested for its capacity to inhibit EL-4 growth. Fig. 6 shows that a significant percent of activity was indeed removed by incubation with EL4 cells. Not shown in Fig. 6 is the observation that incubation of PEC fluid with EL-4 at 370 resulted in a very minor degree of absorption. We interpret this to mean that (5) . The inhibitory activities from macrophages fall into two categories: those associated with a lytic effect (7) and those associated with inhibition of growth (6, 13). Kramer and Granger found a "toxin" in cultures of "immune macrophages" and active against many kinds of cells. This toxin was mainly generated under conditions where antigen was added to the macrophage cultures (7). Bast et al. have recently found a factor that lyses bacteria in cultures of macrophages activated by immune processes (8) . An activity similar, if not identical, to the one reported here was found by Waldman and Gottlieb (6) using rat macrophages. It should be recalled that in the past many investigators have found inhibition of lymphocyte function by addition of excessive numbers of macrophages to the cultures (reviewed in ref. 14) . The presence of different activities in cultures of mononuclear phagocytes may not be surprising. It is possible that the phagocytes may release various kinds of biological activities in accordance with their maturational stage and/or response to external stimuli (microorganisms, lymphocyte products, etc.). (Our experiments suggest some quantitative differences in the inhibitory activity of spleen macrophages and peritoneal ones, but no differences among the latter cells regardless of whether they were "activated" or not.) In favor of the presence of different biological activities in macrophage culture fluids are recent observations we have made when testing antibody formation in vitro. In dilutions of 25-100%, the macrophage culture fluids consistently inhibited antibody formation; but when further diluted to 10%, some culture fluids exhibited stimulatory effects.
One fundamental question concerns the relevance of the inhibitory substance secreted by the macrophage in culture to various inhibitory phenomena associated in vivo with macrophage activation or seen in vitro when macrophages are mixed with other cells (15) . Although we are impressed by the phenomenon that we have studied because of its reproducibility and its relatively strong activity, we are still skeptical about its biological role, knowing that it is a small molecule that presumably diffuses readily-unless one considers its 
